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(54) OnTMMECKMM 3J1EMEHT JlA3EPHOrO PE30HATOPA 


(57) 

M3o6peTeHne othocmtch k na3epHOM 
TexHOJiornn, 6o/iee KOHKpeTHO - k na3epHbiM 
pe30HaTopaM. Yctpomctbo npeflCTaB/iaeT co6ofi 
0Tpa>KaTe/ibHbiM AMcfcpaKmioHHbifi 3/ieMeHT, 
coflepwamutf noflno>KKy u HaHeceHHbifl Ha ee 
pa6onyK) noBepXHocTb nepnoflnnecKHM 
MeTannnHecKMM penbecfc c nepnoflOM MeHbLue 
AJiMHbi BonHbi M3nyMeHMfl. HanpaBneHHe 
ujTpMxoB pe/ibect>a o6pa3yeT c wenaTenbHbiM 
HanpaBneHMew BexTopa sneiapuMecKoro nona 
yroji MeHbLue 15°. LilnpnHa d m BbicoTa h 
BbicTynoB pe/ibecfca onpeAe/iflioTCfl cfeopMynaMii 


rfle T - nepnofl pe/ibecfca; n - noKa3aTenb 


npenoM/ieHMfl noanoKKn; \ - AJiMHa BOJiHbi 
M3JiyHeHnn. TexHunecKHM pe3yribTaT 
M3o6peTeHM«: cosflaHne omMHecKoro sjieMema 
na3epHoro pe30HaTopa c BbicoKofi 

CeneKTMBHOCTbK) K M3JiyMeHMK) C a3HMyTaflbHOM 

nrin paflnanbHOM nojiflpn3aLjMew ki o6ecneneHne 
BbicoKoPi OTpa>KaTejibHOM ctioco6hoctm m 
nyneBOM ctoAkoc™ yKa3aHHoro sneMema. 5 
3.n. 0-nw, 2 Ta6n., 4 mji. 
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(54) LASER RESONATOR OPTICAL ELEMENT 

(57) Abstract: 

FIELD: laser engineering; laser 

resonators. SUBSTANCE: device is, 

essentially, reflecting diffraction element 

that has substrate with periodic metal 

profile deposited on its effective surface, 

its period being shorter than radiation 

wavelength. Direction of profile lines and 

desired direction of electric field vector 

form angle smaller than 15 deg. Width d and 

height h of profile projections are found 

from formulas 

„ <n-i> 1 where T 

d = T • ; h = , 

is profile period; n is substrate index of 


refraction; X is radiation wavelength. Optical 
element is distinguished by high selectivity 
with respect to radiation with azimuthal or 
radial polarization. EFFECT: enhanced 
reflection power and beam stability of 
optical element. 6 cl, 4 dwg, 2 tbl 
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M3o6peTeHkie othochtch k na3epH0M onTMKe, 
6*onee KOHKpeTHo - k na3epHbiM pe30HaTopaM. 

MaBecTeH onTMMecKMfi aneivieHT b cociaBe 
pe30HaTOpa naaepa [1]. Oh MMeeT xopoiuo 
OTnonnpoBaHHyK) noBepxHOCTb, BbicoKMM 
Koactx^HMMeHT OTpaweHHH m McnonwyeTca b 
KanecTee rnyxoro m/im noBOpOTHoro 3epKan. 

HeflocrraTKOM TaKoro aneMeHTa flBnaeTCH to, 
mto oh He oGnaflaeT ceneKTMBHocTbio no 
nonnpn3aL;nM M3nyMeHM«, T.e. Koa^x^MLtneHT 
OTpa>KeHMW M3nyHeHMR nio6oPi nonnpmanvuA ot 
ero noBepxHoc™ oflMHaKOB. Jla3epHoe 
ManyneHne, BbixoAfiL^ee H3 pe30HaTopa, 
coAepwamero TonbKO aneMeHTbi, He 
o6jiaflaK3Lnne ceneKTMBHocTbK) no nonapM3aLiMM, 
MMeeT cnyMafiHyio, HeKom-ponMpyeMyio 
no/iflpn3aL4MK). B to we BpeMH M3BecTHO, mto 
no/iflpM3aLikm nanyneHUfl cyu^ecTBeHHO smaei 
Ha napaMeTpbi na3epH0M o6pa6oTKM MeTannoB 
[2]. ripn Mcnonb30BaHMM ki3/iyMeHnn co 
cnynaMHofi normpn3ai-ine£i p,nn na3epHow 
o6pa6oTKM MeTannoa (pe3KM, CBapKn, npo6nBKH 
OTBepcTnw) KoaqbcfjML^MeHT nornomeHMfl 
nanyHeHna Ha CTeHKax KaHana K paBeH 
cpeflHeiviy apMcfcMeTMMecKOMy ot 

KO3qbqbML(neHT0B nornomeHMfl P- m S-bojih, K = 

(Kp + Ks)/2 (P- M S-BOJ1Hbl OTHMMaWTCfl 

opneHTaL\Mefi Beiaopa aneiapunecKoro nona no 
OTHomeHHK) k nnocKOCTM nafleHMfl nsnyneHUfl Ha 
noBepxHOCTb [3]). npM 6onbWMx ymax naAeHMfl 
K03dp4)Mi4MeHTbi nomomeHMfl flnn P- n S-bohh 

CMHbHO OTnHMaK)TCfl, TaK MTO K w0.5«Kp, 

noTeHL^naribHbie bosmowhoctm nornoi^eHMfl 
na3epHoro M3/iyMeHHfl, 3ano>KeHHbie b 
MexaHH3Me nornomeHMH P-BonHbi, He 
pea/iM3yioTC«. flpyrviM cepbe3HbiM HeAOCTaTKOM 
«BnfleTCfl to, mto cnyMaMHoe, HeKOHTponnpyeMoe 
cocTOflHiie nonnpn3ai4MM npMBOflMT k 6onbwoM 
necTa 6 n n bHocTM napaMeTDOB n KaMecTBa 
o6pa6oTKM. 

ripn nepeflaMe M3nyM6HMH no 
MeTannnMecKOMy KpymoMy BO/iHOBOfly 
nomou^eHkie M3nyHeHHfl, cooTB6TCTBytoii(ee 
K=(K P + K s )/2, TaiOKe HeonTMManbHO. Oho 

3H3MMTenbHO BbllUe 4>M3MMeCKM B03MO)KHOrO 
MUHMManbHOrO 3HaMeHM», CBH3aHH0rO c 

nomomeHueM S-bojihu. 

M3BecTeH onTMMecKMM aneMeHT na3epHoro 
pe30HaTopa [4], BbinojiHeHHbiM b BMfle nnHeMHOM 
MeTanriMMecKOM flnqbpaKL\MOHHoft peiueTKM, 
Utpmxm peuieTKH HaHeceHbi BAonb npflMbix 
nnHMfi, napannenbHbix Apyr Apyry. 

TaKOM aneMeHT o6naAaeT ceneKTMBHOCTbto 
no nonflpn3aL|nn M3nyH6HMfl, T.e. Koaqbqbui^neHT 
oTpaweHM* HsnyMeHMfi Ana nonflpM3aijMM c 
HanpaBneHMeM Beiaopa aneirrpuMecKoro norifl 

BAOJIb LUTpMXOB peUJOTKH OTJIHMaeTCfl OT 

KOSMbqbvii^MeHTa 0Tpax<eHMfl M3nyneHMH Ana 
non«pn3aL4HM c HanpaBneHMeM Beiaopa 
3/ieiapMMecKoro noxifl nonepeK wtpmxob 
peujeTKM. Jlio6afl nonepeMHa* MOfla pe30HaTopa 
MO>KeT wvieTb nnHeMHyw nonapM3aijMK) b nio6oM 
HanpaBneHMM, TaK mto Aawe OMeHb He6onbiiJOM 
non«pn3ai4noHHoft ceneKTMBHocTM OKa3biBaeTcn 
AOCTaTOMHO, MTo6w na3epHoe M3nyMeHne, 
BbixoAflLi^ee H3 pe30HaTopa, coAep>Kainero TaKOH 
sneMeHT, MMeno cTa6nnbHyK), KOHTponMpyeMyto 
nMHeMHyra nonflpM3ai4MK), c BetcropoM 
sneiapuMecKoro non«, HanpaBneHHbiM BAonb 
ujTpuxoB peiueTKM. 

TnaBHbiM HeAocTaTKOM 3Toro sneivieHTa 
ABnaeTCfl to, mto npn ero ycTanoBKe b 
pe30HaTop nonnpn3ai4MH na3epHoro M3nyMeHnn 

OKa3blBaeTC« JIHHeMHOM, C OAMHaKOBbIM 

HanpaBneHMeM BeKTopa sneKTpMMecKoro nonn bo 
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Bcex TOMKax nonepeMHoro ceHeHMfl na3epHoro 

JiyMa. npM MCnonb30BdHMM TaKOrO M3nyM6HMfl aha 

pe3KM m ceapKM MeTannoB nMiub He6onbiuan 
Aona MsnyMeHMfl nornomaeTcn m maot Ha 
pa3pyiueHMe MaTepMana. 3tot HeAOCTaTOK 

MM66T MeCTO npM nWOOM B3aMMHOM OpMeHTaL|MM 

Beiaopa ckodoctm ABM^eHMn nyMa m nnocKOCTM 
Kone6aHM^ Beiaopa E. 

B cnyMae, KorAa bsktop ckodoctm ABM>K6HMfl 
nyMa nepneHAMKynnpeH nnocKOCTM Kone6aHMM 
Beiaopa E, K03cjxf)ML|MeHT nornoLi;eHMfl 
M3nyMeHMfl Ha nepeAHeM qbpOHTe pe3a Man 
(cooTBeTCTsyeT nornou^eHMio S-BonHbi). 

B cnyMae, rarAa Beiaop ckodoctm ABMweHMfl 
nyMa napannenen nnocKOCTM Kone6aHMM Beiaopa 
E, K03(t«l5Mi4MeHT nornoiAeHMfl M3nyMeHMn Ha 
nepeAHeM cfjpoHTe pe3a Be/iMK (cooTBeTCTByeT 
nomoineHMK) P-BonHbi), OAHara nornou^eHMe Ha 
6oKOBbix creHKax KaHana Mano (cooTBeTCTByeT 
nornoineHMio S-eonHbi), mx pa3pyiueHMe 
Heac^qbeKTMBHO, mto npen^TCTByeT 
npoHMKHOBeHMio nyMa Brny6b MaTepMana. 

KpoMe Toro, npM npoM3BonbHOM 
HanpaBneHMM abm)K6HM« nyMa no otholuohmio k 
nnocKOCTM KoneoaHMM Beiaopa E napaMeTpbi 
pe3a (my6MHa, uuMpMHa, qbopMa) 3aBMC«T ot 
HanpaBneHMM ABM>KenM« nyMa, mto HeAonycTMMO 
Ana MHori/ix npMMeHeHMM. 

npM nepeAaMe TaKoro M3nyM6HMfl no 
MeTannMMecraMy KpymoMy b on ho bo Ay 
nornoLi^eHMe M3nyMeHM» HeoAMHaKOBO Ha 

CTeHlOX BO/lHOBOAa, MTO npMBOAMT K 6onbiUMM 

norep^M m k AecpopMai4MM qSopMbi nyna. 

M3BeCT6H OnTMMBCKMM 3n6M6HT, 

ycTaHaB/iMBaeMbiM b pe30HaTop na3epa Ann 
co3AaHMfl na3epHoro MsnyMeHMA c paAMa/ibHbiM 
HanpaBneHMeM nonnpM3aL^MM [5] (npoTOTMn). Oh 
BbinonHeH b bmac OKHa EpKx^Tepa kohmmcckom 
qbopMbi. Ha BbixoAe pe30HaTopa c t3kmm 
aneMeHTOM qbopMMpyeTCfl na3epHbiM nyM c 
paAManbHbiM HanpaBneHMeM nonnpM3ai4MM. 

TaKOM aneMOHT MMeeT p«A HeAOCTaTKOB. 
Oamh M3 hmx - Mcnonb30BaHMe npoxoAHoro 
onTMMecKoro aneMeHTa, OKHa EpiocTepa, 
cnojKHOM dpopMbi, b BMAe KOHyca. B HaM6onee 
ujMpOKO pacnpocTpaHeHHbix TexHonorMMecKMX 
na3epax Ha yrneKMcnoM ra3e ati« M3roTOBneHMfl 
npoxoAHbix onTMMecKMx sneMeHTOB Mcnonb3ytoT 
KpMCTannMMecKMe MaTepManw: ceneHMA i^MHKa, 
xnopMCTbi^ HaTpMfi. M3roTOBneHMe KOHyca 
Tpe6yeT 3aroTOBOK bonbworo pa3Mepa, cno)KHOM 
TexHonorMM M3roTOBneHMfl. npoxoAHbie 
onTMMecKMe sneMeHTbi MMeioT MeHbtuyio 
nyMeByto CTOMKOCTb, MeM OTpa)KaTenbHbie, m mx 
ycTaHOBKa BHyTpM pe30HaTopa orpaHMMMBaeT 
npeAenbHyKj MoinHOCTb na3epa. H3nyM6HMe, 
oTpaweHHoe ot BHyrpeHHeM noBepXHOCTM KOHyca 
npM naABHMM nyna co cTopoHbi ocHOBaHMfl 
KOHyca, 4>OKycMpyeTCfl BHyTpM KOHyca, mto 
mo>k6t npMBOAMTb k ero nyMOBOMy noBpe>KAeHMio 
npM BbicoKOM mou^hoctm na3epa. CeneKTMBHocTb 
Tararo aneMeHTa onpeAenaeTCfl 
KoaqbqbML^MeHTOM oTpaweHM* M3nyMeHMH ot 
noeepXHocTM KOHyca m RBnaeTcn HeBbicoKOM, bo 
MHorMX cnyManx HeAOcraTOMHOM. riocKonbKy 
TonbKO HeicoTopbie moaw (TMna TEM n1 «) [6) M3 
MHOwecrea nonepeMHbix moa MoryT MMeTb 
paAManbHoe HanpaBneHMe non«pM3aLiMM, peMb 
MAeT He npocTO o HaB»3biaaHMM paAManbHoro 
HanpaBneHMM nonflpM3ai4MM, a o ceneio^MM Tex 
nonepeMHbix moa, KOTopbie TaKyio nonflpM3au;MK> 

MOryT MMeTb. 

TexHMMecKan 3aAaMa M3o6peT6HMH - 
co3AaHMe onTMMecKoro aneMeHTa na3epHoro 
pe30HaTopa, MMeiou^ero BbicoKyio ceneKTMBHOCTb 
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k konyneHMK) c paflnaribHbiM m/im a3HMyianbHbiM 
HanpaBneHMeM non«pn3aL\MM, kiMeiOLqero 
BbicoKMM K034xt)HL|MeHT OTpaweHMn m nyneByto 

CTOMKOCTb. 

yKa3aHHaa 3aflana flocTuraeTcs tom, hto 
onTMHecKMM sneMeHT nasepHoro pe30Haiopa f\na 
ceneKL^Mn moa c paflManbHbiM Mnn 
a3MMyTanbHbiM HanpaBneHMeM non«pn3ai4HM 
BbinonHGH b BMfle oTpa>KaTenbHoro 
Anc^paKLinoHHoro sneMeHTa, coAepwamero 
noAno>KKy m HaHeceHHbifi Ha ee paoonyio 
noBepXHOdb nepnoAMMecKMM MeTannnMecKviM 
penbeqb c nepnoflOM MeHbLiie ahmhw BO/iHbi 
M3nyMeHHfl. HanpaBneHne ujTpuxoB penbeqba 
o6pa3yeT c HanpaBneHMeM BeKTopa 
sneiapMHecKoro nonn yron MeHbiue 15 °. 
UlnpnHa d m BbicoTa h BbtcTynoB penbeqba 
onpeAennioTCfl (fcopMynaMM 


d = T • 


h = 


Lift 

rfle T - nepnoA penbeqba; n - noKa3aTenb 
npenoMneHMfl noAnowKM; A. - AiMHa BO/iHbi 
nsjiyneHMn. 

flna ceneKi^nn moa c paAnanbHbiM 
HanpaBneHkieM nonqpn3ai4nn pucyHOK penbeqba 

CqbopMMDOBaH H3 npflMblX 0Tp63K0B, B J1K)60M 

TOHKe pa6oH6M noBepxHocTM o6pa3yK)inMX c 
nMHuew, npOBeAeHHoft ot ocm pe30HaTopa b 3Ty 
TOMxy, yron MeHbiue 15°. B HacrHOCTM, pMcyHOK 
penbeqba cqbopMMpoBaH 0Tpe3«aMu npHMbix 
nMHMC^ nepeceKatoiuMxcji Ha ocm pe30HaTopa. 
Ann o6ecneMeHMfl nocTOflHCTBa nepnoAa 
penbeqba npeAnaraeTca noBepxnocTb 
onTMnecKoro snewieHTa pa3AennTb Ha ceicropa c 
BepuiHHaMH Ha ocm pe30HaTOpa t b ksdkaom 
ceKTope pucyHOK penbeqba cqbopMMpoBaH 
0Tpe3K3MM np^Mbix, napannenbHbix 6ncceKTpnce 
yrna ceiaopa. 

Ann ceneKi^MM moa c a3MMyTanbHbiM 
HanpaBneHMeM nonnpM3ai4MM pucyHOK penbeqba 
cqbopMMpoBaH TaK, hto b nio6oM tohkb pa6oneM 
noBepxHOCTH HanpaBneHne lutpuxob o6pa3yeT c 
/lMHueii, npoBeAeHHOM ot ocm pe30HaTopa b 3Ty 
TOMKy, yron b npeAenax 90±15°. B nacTHocTM, 
pucyHOK penbeqba cqbopMMpoBaH 

KOHL^eHTpMMeCKMMM OKpyjKHOCTHMM C L)eHTDOM Ha 

ocm pe30HaT0pa. 

Cyt^HOCTb M3o6peTeHM« MnnracTpMpyeTC* 
qbnr. 1-4. OnTMHecKMM sneMem" na3epHoro 
pe30HaTopa Bbino/iHeH b BMfle oTpawaTenbHoro 
AMqbpaKLiMOHHoro 3/ieMeHTa, ceneKTMBHoro no 
nonnpM3aL|MM. Ha noAno>KKe (cm. qbMr. 1) c 
noKa3aTeneM npenoMneHM* n HaHeceH 
nepMOAMHecKMM m eTann m necKM m penbeqb. 
riepMOA penbeqba T MeHbiue AnnHbi eonHbi 
M3nyneHMfl X. LUMpMHa BbicTynoB penbeqba d m mx 
BwcoTa h onpeAen«K)TCfl no qbopMynaM 

(n-l) 
d = T* ; 


40G 

PMcyHOK penbeqba cqbopMMpoBaH M3 npnMbix 
oTpe3KOB, b ntocoft TOHKe pa6oneM nosepxHocTM 
o6pa3yK)U4Mx c nMHMeM, npoeeAeHHOM ot ocm 
pe30HaTOpa b 3Ty TOHKy, yron MeHbiue 15°. fXnn 
ceneKL^MM moa c paAManbHbiM HanpaBneHMeM 
nonnpM3aij|MM pncyHOK penbeqba cqbopMMpoBaH 

M3 npflMblX OTpe3KOB, B nfOOOM TOHK6 pa60H6M 

noBepxHocTM o6pa3yiomMx c nMHwevi, 
npoBeAeHHOM ot ocm pesoHaTopa b 3Ty TOHKy, 
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yron MeHbiue 15°. B nacTHOCTM, pMcyHOK 
penbeqba cqbopMMpoBaH 0Tpe3KaMM npnMbix 
nMHMM, nepeceKatomMxcji Ha ocm pe30HaTopa 
(qbMr. 2). flnn o6ecneHeHM« nocTonHCTBa 
nepMOAa penbe<t)a Ha Bce^ noBepxHocTM 
onTMnecKoro sneMeHTa (cm. qbMr. 3) 3Ta 
noBepXHOCTb pa3AeneHa Ha ceicropa c 
BepujMHaMM Ha ocm pe30HaTopa, b Ka>KAOM 
ceKTope pMcyHOK penbeqba cqbopMMpoBaH 
0Tpe3KaMM npflMwx, napannenbHbix SMCceiapMce 
yma ceiaopa. 

Ann ceneKqMM moa c a3MMyTanbHbiM 
HanpaBneHMeM nonapM3ai4MM pucyHOK penbeqba 
cqbopMMpoBaH TaK, hto b n>o6oM tohko pa6oneM 
noBepxHocTM HanpaBneHMe uitpmxob o6pa3yeT c 
nMHMeM, npoBeAeHHOM ot ocm pe30HaTopa b 3Ty 
TOHKy yron b npeAenax 90±15°. B nacTHocTM, 
pMcyHOK penbeqba cqbopMMpoBaH 

KOHLjeHTpMHeCKMMM OKpy>KHOCTHMM C L^OHTpOM Ha 

ocm pe3onaTopa (o>nr. 4). 

BbinonneHHbie t3kmm o6pa30M onTMnecKMe 
sneMeHTbi MMeroT BbtcoKyK) nonflpM3ai^MOHHy»o 
ceneKTMBHOCTb, 6nM3Ky»o k 100%, neM 
o6ecneHMBaeTC« sqbqbeKTMBHaa reHepaL^M« 
M3nyneHMfl c paAManbHbiM Mnn a3MMyTanbHbiM 
HanpaBneHMeM nonnpM3ai^MM. TaKan 
KOHCTpyKL\MS onTMnecKoro sneMOHTa 
o6ecneHMBaeT BbicoKyK) OTpajKaTenbHyio 
cnoco6HOCTb m nyneByK) CTOMKOCTb. 

3neMeHT pa6oTaeT cneAyiou^MM o6pa30M. B 
npeAnaraeMOM onTMHecKOM sneMeHTe 
nepMOAMHecKan CTpytrrypa MMeeT nepMOA 
MeHbiue flnnHbi eonHbi M3nyneHMfl. B stom 
cnynae 3Ta CTpyjrrypa SKBMBaneHTHa 
OAHopoAHOMy onTMHecKOMy cnoio, Tonm.MHa 
KOToporo paBHa Tonm,MHe penbecf)a. OAHaKO 
onTMHecKMe napaMeTpbi 3Toro cnoa pa3nMHHbi 
Ann M3nyneHMfl c BeiaopOM sneiapMHecKoro 
nonn BAonb nMHMM penbeqba m f\na M3nyneHM« c 
BeirropoM sneiapMHecKoro nonn nonepeK nMHMM 
penbec^a. SKBMBaneHTHbie napaMBTpbi cnoa 


(AMsneKTpMHecKan npoHMLiaeMocTb c 


II' 


M 


noKa3aTenb 
1/2 


npenoMneHMn 


1/2 ) onpeAennroTcn 


ii i i 

M3BeCTHblMM COOT HOLU6H M M M A^« 

sneKTpoMamMTHbix BonH Ha rpaHMqe pa3Aena 
AByx cpeA. B HaiueM cnynae sto B03Ayx m 
MeTann, BXOAniMne b cocrraB cnon. OCiAMe 


MM8J0T bma 


qbopMynbi pj\n^ x 

e„= c /T+e»d/T; 

1/e l= (1/e B ).(d B /T)+(1/ e ).(d/T); 
d B =T-d. (1) 

3Aecb e B , e - A^sneiapMHecKan 
npoHMi^aeMOCTb B03Ayxa m HaHeceHHoro 
MaTepMana, cooTBeTCTBeHHo; d B , d - mnpnHa 
BnaAMH (B03AyiuHbix npoMe>KyTK08) m BbicTynoB 
( MeTann MHecKMX nonocoK), cooTBeTCTBeHHo; T - 
nepMOA. fl^n BOSAyxa e B = 1, AJin 
MeTanna g » 1 , m qbopMynw CMnbHO ynpou^awTCfl 

C|l= e*d/T; 

e-L=T/(T-d). (2) 

M3BecTHO, hto e A/i« MeTanna 
npeBbiiuaeT e A/>^ ah sneKTpM ko b Ha HecKonbKo 
nopnAKOB, hto m onpeAenaeT BbicoKMe 
OTpa>KaTenbHbie CBOMCTBa MeTanna. BenMHMHa 
e,| no qbopMyne ocTaeTcn 6onbLuoM, no3TOMy 

coxpaHHeTCfl MeTann MnecKMM xapaKTep 
OTpaKeHMfl M3nyneHMn c BeirropoM E, 
napannenbHbiM nMHMnM penbeqba. 
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KoactxfcumieHT OTpaweHkm 3tom nonflpn3aijMM 
6nn30K 100% m He 3aBMCMT ot ToninMHbi cnofl. 

flna nonflpMaai^nn c BexTopoM E, 
nepneHflUKynapHbiM huhmjim 
pejibe4>a, e 1 cunbHo 3aBncuT ot Bbi6npaeMbix 
napaMBTDOB penbe^a. HosTOMy 
yBejiMMBHUfl nojiflpn3ai4kioHHofi cen exTn b hoct h 
aneMBHTa onTMHecxaa TonmwHa cnoa h m 

noKa3aTenb npenoMneHHR n-L= el' 2 Bbi6npaKrrcH 
M3 ycnoBMH npocBeTfifljou^ero noxpbiTMfl, 
ooecneMMBawinero MMHUManbHbiM xoscJxtMLjweHT 
OTpa>KeHMfl Taxofi normpw3aLiMM, BnnoTb flo 0%. 
Hbo6xoammo co6nK>AaTb flBa ycnoBkm a^* 
npocBemntoLuero ncwpbiivm [7]: Ha noxa3aTenb 
npenoMneHMfl cnoa n J- m Ha onTkinecxyro 
TOJiu^HHy cnofl h 

m=n 1 ' 2 ; 

h = xy(4.rvL), 

3Aecb n - noKa3aienb npenoMneHna 
noflno)KKM. 

2 

yMMTbiBaw, mto n J = TV(T-d), nonyHMM 

OKOHHaTBflbHbl© C^OpMyJlbl 
Cn-±> 

d = T • ; 


<3> 

HT3K, H3JiyMeHMe c BeiaopoM E, 
napannenbHbiM jiuhmam penbecfja, oTpawaercfl 
ot npeAnaraeMoro onTimecxoro sneMeHTa c 

KO344>MI4MeHT0M OTpa>XeHMfl, 6nH3XMM K 100%, 

xapaiaepHbiM Rnn MBTannMsecKkix 
noBepxHOcrefl. 

l/tenyHeHne c BexTopoM E, 
nepneHAHKyn«pHbiM nnHMSM penbe^a, He 
OTpa>KaeTC5i, nocKoribKy ajih 3tom nonflpn3ai4Hki 
noAo6paHbi CBOMCTBa cnoa (ero noxa3aTenb 
npenoMneHH* m ToniAHHa), cooTBeTCTBywinne 
npocBeTJifltou^eMy noxpbiTMK). Bonbujue noTepn 
H3nyMeHMH f\rm TaKOM nonflpwsaLjviH 
npenflTCTBywT reHepai4MM moa c nonflpM3aunefi, 
npn KOTopofi BexTop E, nepneHAMxynapeH 
nnHn«M pejibe4>a. fln« cenexi-iMM moa c 
paAuanbHbiM mhh a3MMyTanbHbiM HanpasnenvieM 
nonflpn3aL(HM HanpaBneHne wtpmxob penbe<fea b 
hjooom TOHKe ero pa6oHeti noBepxHOCTM aoiwho 
coBnaflaTb c HanpaBneHHeM Bexropa 
sneKTpuMecKoro nona nnn yron Me>Kfly humm 
AonweH 6biTb Man, MeHbiue 15°. Ilpn Taxvix 
yrnax HexoTopoe CHw>xeHne xanecTBa sneMem-a 
flBfifleTC« HecyiAecTBeHHbiM. 

MucneHHbiM npuMep. Bo3bMeM o6bWHbie 
MaTepnaribi aha H3roTOBneHMH rnyxHX 3epxan 
TexHonomnecxHX na3epoB: noAnowxa M3 
xpeMHMfl n = 3.4, MaTepwan penbe<t>a - MeAb, 
Ann Ha BOJiHbi nsnyneHMfl X = 10.6 mkm. 
Bbi6epeM nepnoA penbecfca T < X, T = 7 mxm m 
no 0opMyjiaM (3) HaxoAMM lUMpuHy MeflHbix 
BbiCTynoB d = 4.95 mxm, a rny6nHa penbe<£a h = 
1.44 mxm. ripn naAeHMM H3nyMeHMH 
nepneHAMxyn^pHO x noeepxHoc™ a/i* o6bNHoro 
MeAHoro 3epxana xosctxtwLineHT oTpaweHHfl 
M3JiyseHMfl cocTaBJineT 98.8%, a xoscJxtnmneHT 
OTpa>xeHnn MsnyMeHun ot penbe<t3HOM 
noBepxHOCTM, c BexTopoM E, napannenbHbiM 
nnHMAM penbecf)a, paBeH 98.4%. PacneTHbivi 
KoscfcctyiLiMeHT OTpa>xeHM« M3nyHeHM?i c 
BexTopoM E, nepneHAMxynjipHbiM nnHn«M 
penbecjja ot Taxofi CTpyxTypw, npki co6nK)AeHMH 
ycnoBMM npocBemflKomero cnofl paBeH Hynw. 

PPM B3aMM0AeHCTBMM M3nyMeHM« c 

noBepxHOCTbK) MeTanna xoso^MLiMeHT 
OTpa>xeHMfl 3aBMCMT ot yrna naAeHiia. M npn 
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na3epHOM o6pa6oTxe MeTannoB 6onbiuofi 
ToniAMHbi m npn nepeAane MsnyneHMn no 
MBTannnMecxoMy xpyrnoMy BonHOBOAy yron 
naAeHkiq Benux, 6nn30K x rnaBHOMy yrny, 
xoTopbiM b cbok) OHepeAb 6nn30x 90°. (IpoBeAeM 
OMeHxy nonoxnTenbHoro 3<t)ct>©KTa npn 
ncnonb30BaHMfl npeAnaraeMoro M3o6peTeHkin, 
B3»B A^n npuMepa yron naAeHMfl, paBHbivi 
rnaBHOMy yrny. B Ta6n. 1 npuBOAflTcn 
pe3ynbTaTbi pacneTOB no na3epHoti pe3xe CTann: 
10 k p» K s ■ xosctxfcMLjMeHTbi nomou^eHMJ? A^fl P- n 
S-eonH, cooTBeTCTBeHHo. nornou4eHne 
M3nyM6HMfl npn ncnonb30BaHMH nyna c 
paAnanbHbiM HanpaBneHneM nonflpn3aL\nn b flBa 
pa3a 6onbLue, mbm npki ncnonb30BaHnn 
M3nyMeHHfl c xpyroBoft nonapn3aL4neM. 
15 B Ta6n. 2 npMBOAflTCH pesynbTaTbi pacseTOB 
no nepeAane M3nyHeHM« no MeAHOMy 
BonHOBOAy. FloTepM M3nyneHn« Ha creHxax 
BonHOBOAa npn asuMyTanbHOM HanpaBneHMM 
nonqpn3aL4MM b 800 pas MeHbiue, MeM npn 
xpyroBofi nonflpn3ai4MH. 

(1pn ncnonb30BaHHM n3nyneHMn c 
paAnanbHovi nonnpn3aunePi aha na3epHOM 
o6pa6oTxn MeTannoB (pe3xe, csapxe, npo6nBxe 
oTBepcTMfl) nornoi^eHne Ha scex CTeHxax 
npoMCXOAMT no OAHOMy n TOMy we 3axoHy, 
25 npimeM xosc^ML^neHT nomoiMeHMfl MMeeT 
MaxcuManbHO BO3M0>XHyK) BennnnHy, 
cooTB6TCTByK3inyK5 nomoineHHK) P-BOnHbl. 
nponcxoAMT 6onee m h TeHCM b Hoe pa3pyujeHMe 
MaTepnana. JlyM rny6)xe npoHnxaeT b MaTepnan. 
ripeAenbHbie napaMeTpbi o6pa6oTKn 
30 yBenMHMBaK)Tcn 3a cneT noBbimeHMR 
s4x})exTMBH0CTn ncnonb30BaHH« na3epHoro 
n3nyHeHnn. 

Mcnonb30BaHne npeAnaraeMoro onTMHecxoro 
sneMeHTa na3epHoro pe30HaT0pa b na3epe f\r\a 
o6pa6oTxn MeTannoB no3BonneT yBenuMMTb 
35 napaMeTpbi pe3XM (Tonu^nHy o6pa6aTbiBaeMoro 
MeTanna unw cxopocTb pe3xn) b 1.5-2 pa3a no 

CpaBHeHMK) C npOTOTMHOM. 

rtpvi nepeAane M3nyneHnn c a3MMyTanbHbiM 
HanpaBneHneM nonflpn3ai4nn no 
MeTannnnecxoMy xpyrnoMy BonHOBOAy noTepw 
Ha nornomeHMe H3nyMeHMfl Ha cTeHxax 

COOTBeTCTByiOT cj5M3HHeCXM MHHMManbHOMy 

3HaneHHK>, CB^3aHH0My c nornou^eHVieM 
S-BonHbi. 
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CoBeTCKafl 3Hi4MK/ioneAMfl, 1988 r., tom 4, c. 
149-150. 

OopMyna M3o6peTeHMfl: 

1. OnTMHecKMM aneisieHT na3epHoro 
pe30HaTopa ceneKi4Mn moa c paflnaribHbiM 
m/im a3MMyianbHbiM HanpaBneHMeM 

nOJlflpM3ai4MM, OTHMHaK)LMV1MCfl TeM, MTO 

BbinonHeH b BUfle OTpawaTenbHoro 
AncjDpaiqMOHHoro sneMeHTa, coAepwamero 
noanomvy m HaHeceHHbiM Ha ee pa6oHyio 
noBepxHocTb nepMOAHMecKMM MeTannMHecKMfl 
penbecj) c nepnoAOM MeHbiue ahmhw bojihw 
M3ny4eHMfl, HanpaB/ieHue WTpMXOB penbeqba b 
ntoobM tomk© ero pa6oneM nosepxHOCTH 
o6pasyeT c HanpaBneHMeM BeKTopa 
3Jie»apMHecKoro nojin yron MeHbiue 15 °, 
ujupnHa d m BbicoTa h BbiCTynoB penbeqba 
onpeAenstoTCfl no qbopMynaM 



rAe T - nepnofl pe/ibec})a; 
n - noKa3aTe/ib npenoMneHM* noAHOKKn; 
X - AiHHa BonHbi n3nyHeHM«. 
2. YcTpoCicTBO no n.1, OTJiMHaKJii^eecfl T6M, 


mto AJi« ceneKi4MM moa c paAMa/ibHbiM 
HanpaBneHMeM nonapMsanMM pucyHOK penbecf>a 

OfropMHDOBaH M3 npflMblX OTDe3KOB, B J1K)60M 

TOMKe pa6oneM noBepXHOCTM o6pa3yK>iu>ix c 
nMHMew, npoBeAeHMfl ot ocm pe30HaTopa b 3Ty 
5 TOHKy, yron MeHbiue 15°. 

3. YcTpoMCTBO no n.2, OTnMHatomeecfl tom, 
mto pucyHOK penbeqba cqbopMMDOBaH oTpe3KaMM 
npflMbix nMHMM, nepeceKaKDinnxcfl Ha ocm 
pe30HaTopa. 

70 4. Yctdomctbo no n. 2, OTnHMaromeecfl tom, 
mto noBepxHocTb onTMMecKoro aneMeHTa 
pa3AeneHa Ha ceKTopa c BepiuwHaMM na ocm 
pe30HaTopa, b iowaom ceiaope pucyHOK 
penbeqba cqbopMnpoBaH OTpe3KaMM np«Mbix, 
napannenbHbix 6ncceKTpnce yrna ceiaopa. 

15 5. Yctdomctbo no n.1, OTnnHaK>m 1 eec« tom, 
mto a™ ceneiquM moa c a3MMyTanbHbiM 
HanpaBneHMeM nonflpM3aLuw pucyHOK penbeqba 
cqbopMMpoBaH TaK, hto b nra6oM TOHKe paboMefi 
noBepXHOCTM HanpasneHMe ujtpmxob o6pa3yeT c 
nnHnew, npoBBAeHHOM ot ocm pe30HaTopa B 3Ty 

20 TOMKy, yron b npeAenax 90 ± 1 5°. 

6. Yctdomctbo no n.5, OTnMnaioiAeecfl TeM, 
hto pucyHOK penbecfca cqbopMMpoBaH 

KOHL4eHTpMM6CKMMM OKpyWHOCTflMM C IjeHTpOM Ha 

ocm pe30HaTopa. 
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Ta6jiHua 1 


LTlClilJiJl) 

npioieHeHHe 

riTflRHfilft 
a. jiiiDiiijin 

yixwi 

\Cn una 

paAHajibHaA 
nojupHiamiH 

AM KpyroBofl 
naJupmanHH 

Kc mi u 

a3HMyrafibHott 
nojmpHsauHH 

Ri^iifrn'uiYiT 

DblMI pbllil 

B norjiomeHHH 
Kp/(K P +Ks) 

JIa3epHax 

pe3Ka 

crajiH 

85.7° 

48.2% 

24.5% 

0.7% 

«2 

Ta6nHija 2 

Merajui, 
npHMeHeHue 

TjiaBHbiA 

jrorc 

Kpww 
paonaubHOH 
nojutpHsamm 

Kp + Ks 
am KpyroBOH 
nojmpmauHH 

Ks AJU 
a3HM>TaJTbHOH 
nOJlflpH3aUHH 

Buwpuin 
b noratouieHHH 

(K P + Ks)/Ks 

Ilepemaqa 

H3JiyHeHH5J 

no MejjHOMy 

BQHHOBO^y 

89° 

31.3% 

15.7% 

0.02% 

*800 
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Document No. NPL1 
Appl.No. 10/813,168 


Abstract (Basic): RU 2166819 C2 

NOVELTY - Device is, essentially, reflecting diffraction element that has substrate with periodic 
metal profile deposited on its effective surface, its period being shorter than radiation 
wavelength. Direction of profile lines and desired direction of electric field vector form angle 
smaller than 15 degrees. Width d and height h of profile projections are found from formulas 
where T is profile period; n is substrate index of refraction; lambda is radiation wavelength. 
Optical element is distinguished by high selectivity with respect to radiation with azimuthal or 
radial polarization. 

USE - Laser engineering; laser resonators. 

ADVANTAGE - Enhanced reflection power and beam stability of optical element. 
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